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1 

MEStR-tl-SS 1 ©WfiR«rJI*J*Lfc©*>, WE* 1 co 
tuElfl 1 ©«W«±fc»fr**tP««*r»riti-4» 2 co 

t, 

en i ©wratifc * 2 <»nmm*Mj8rtrz& 4 ©ig 

HuKm2com©McO-glSSr^ h^-Y^f-^UTMIE 
JK 2 ©««K4:fifllMKfc#tH _ i # 5 (DT.Uk 

WESffflsa 5 * bUie^ i comMmt^fA-r^ z. 5 mges* 

*vfc, I bSlTC^tlllb^TcSRtVIbSlTcSiiSr'&tf 
HUES! 3 (OX®lcJoi/>-C, HufE^ 1 co^H^co 5 *>tuE 

[11**2] fiuEfgl coxmt-*5^-C. ^-y^-r^Sr 
H^Tiffili 1 o««RSr»fi!l-f*BI** 1 fcE«ro* 

*s*«*ii»«»«>*ift#ife. 

& -t * V K-C^S* 5 => —r -f > ^ £ ixfcfiW* 4 h 
Ei*££co-g|Si m^Wtmn'xtb Sr»*i-S»*« 1 ft^ 

*fco 

iw**6] sffia^3coxstc*3^T. mm i com 

®JRco5^l&*£*t5ffiE3effiSIS#WiS$i& s O. 0 3m 
m~0. 2 M m<0$&HrtT'foSII*Jll /iV^5©^f 

[00 0 1] 



2 

[0 0 0 2] 

I bKtlllb tVlbJ^TC* 

Wfflg) TfeSCu I nS e2 (C I S) , iHtG a 
Srl^LfeCu (In, Ga) S e 2 (CIGS) , * 
fcfiCu I n S 2 Sr5tK»R/B^fflv^fcStBI*liStE«fe^-^ 

zu —/^em-stn x »3a*Stfcov **** * $ *t-c v * 

5 (fcifcli, 1 3TH EUROPEAN PHOT 
OVOLTAIC SOLAR CONFERENCE 
10 1 9 9 5 P. 1 4 5 1 - 1 4 5 5) „ Z<D£ otiC 

[0 00 3] tt#0>*«a***»«*(D»3ft#ftfco 
[0 0 0 4] ST, El 5 (a) ^-Tiptw, $&H>t£S 

i ±tcTgBm*i)Si2 tisMoM?/^ * y ^*fe 
Mtsrtiaot, ±EMofflH££:* vu-fWzte 

*UTffl»*tOT«R5««it2*JKrili-5. ^com. 11 5 
20 (b) fcSWJ: 3 fc. xs<y#!)^irm*Llztt 
■(k#IS«rmfelw J;oT, plCu I nSe 2 #ISin^ 
C d SJKtoaWJiHR^b^a^flfBlSSrJKjai-S. ■* 
CD^x H5 (c) ^-t-«t5>(ci, >*=*;W^-=y 

-tcom, 12 5 (d) fc:7j*T«fc 5 Kl, ±«H«@ffi4 t LT 
^mm-^Jm, fctxtfZnOlfi^I TOJlSj«rJ&£T5. 
-tL-T. IH 5 (e) l^i-J: 5 ?j}=.jj/W<#—— 
^^K:J:oT±»m«it4«rjS»*tK:»«i-S. -<o 

30 (e) ro*«ffi»Bt*Hi«ft-C»i, #«y h-t^so 

[0 0 0 5] 1215 (c) *3iO ? [215 (e) COXSt*3V^ 
[0 0 0 6] 

[*M!C*»*LJ:5 k-tZ&M) L*»L4*sfe, 111 5 
40 (c) COXmt-*3V N T¥-^*:M3CO^.?r^ h7-T^t- 

[0 0 0 7] -i&fCl, pWlllffciCuInSe 
2(CIS) (In, Ga) Se 2 (CIGS) k 

TgCm<im2-Cfe5Mo!ll£tcD^ffi{crt\ MoSe 2 l 

t*s*Pe>tuTV>5 (fci:x.«l, Jpn. 
J. Appl. Phys. 3 8, L71 (199 
8) ) . Mo S e 2 ^!4, p^CIG S/Mo|lO^ 

i%7wt)^^TV^5. L^U Mo tClt-<TMo S e 2 (± 
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3 

tffc*. **2ffcJ:-9-c»**Jx 
f--— K/H#$r#v^C* ^^^SrtToX 

[0 0 0 8] ±EIBUB*r«fti-5fc», *»W»±. «H4 

t5r iSrlfcli-fS. 
[0 0 0 9] 1 

■r^mmm»m±m^M^^^^^ x ^ infests 
^ir^fiji-s^ i coxmt , mtzw. i ©m»«±fc»fr 

0>mtt»©-»** h 7 -f LTiiiiESg 2 WM; 

a* . flriag i (ommm t &m-r siscsts frfc . i 

b jRjc* t III b ttdc* k VI b lftc* £ Z^tfit-Br®* 

teBSro 5 ■t 3 sfifa»<73i£gi5(C'(i:«-t- ; 5^ffi957>^^*"^ ;s 

[0010] ±IE«Jt*ifet?»4. 1 roXflti*5VN 

[0 0 1 1 ] ±E«IJai**'Ctt. BtJlEVllS^* 5 -fe^^ 
-Cfc 9 . fiftfESfl 1 0>S8eIK £ DlTE^****** t w ^ 

[0 0 1 2] ±E«3t*«fe-ett, IWE«3 0iafc*JV* 

[ooi 3] ±E*iS:frS"ett. WttMSOJMK.w 
$ ix*:fl»t*»e> te 5 X ASrffl v ^fc* * = * >w/«* - - v 

[0 0 1 4] ±IB«it*«fe^tt. IWeSB3 0>Iffi»w*5V* 



4 

gl^O. 0 3/im~0. 2 m m<D$&l!l*l"?foc>-tt> <fc 

<<\> 
[0 0 15] 

[0 0 16] *«W«>»lfc*ifcrt:» i£?lj«i££*xfc2iy. 

Ml l £7&j£Lfctf>*>, Sg l roMl l <£>-gl$£* K 
7-Y7°«lCl^*LT»l l a 4rJ8i$U ^WUotS 
1 wSMffli 1 1 C* 1 , H 

1 (a) Ol6*0, flWMl 1<7D5PEB1^[12 

iz^-r. 0 2i^ti5i^ Siroifili if*, Sfi 
[ooi 7 ] i o < k hfs i romffi^ 1 1 

« *Mf8. UfcT. -r > u;*a«ft £*£ffli^5 w £ * S -C# 
5. JBi romaJKi i i Uf (Mo) J* 

tx.ti, 0. 3mit»~2. O/imWilrttiS, H 

l i cj»m-5 r. i: iot^T?# 5. RB-W 

t *-A«4 N Nd : YAGW-f 

(«* : 1 0 6 4 nm) . 4fel±Nd : YAG W-f© 
^2^PiS («S : 5 3 2 nm) T?fo5. 

[0018] -&cot> ii (b) fcStiit. JBi «> 
3 m@H§il l±t-. Sf*Sr*tf««l 2*JBl*i-* (*2 
roil) o »ffill 2 14, ^1 rc>^H« l i *a 5 ± 5 
»J«*ixS. 214, pnWp i n«**4 

tf. M12 ti, US 1 «M 1 1 t & 5 fcE 

S^Hfc, I b ti&jiM 1 1 1 1 b tifdxM £ VI b )fcot% k 

-^^•(t-a-fei^js^s 1 2 b sr-£tf. m i <wm,mm 1 1 ± 

£pjg«XI:**¥ilt#Jll 2b«SH, 

t4, nJK^iitr, ll»l7£*i:Vl«7E*i: 

^tflt^t LTtt, fc£S.tf, CdS, ZnO, Zn 
.o (O, OH) , Zn (O, OH, S) ftt*5rffl^5ri 
flrfMMMMMn 2 b (4, ^»* J ?'^^^>^ 
y ^^ffitC«toT^T#5. n 

0 Z hit'* ?7 7i<C if4:-& A/-C t> i ^, 

[0 0 1 9] ft'&ftl^ll 2b»4, #^^7^ 

tmmt&yo^&itfrbti: <o , i bixiittcu^ 

fflvs. iiib«5E*i:U-C I n*Sj:t?Ga*»batfiv* 
'>/i< £ 1. 1 o<OTclHSrffl<'\ VI b^7C^£ LTSeiS 
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X'tSc Hflcttttt. Cu I nS e 2 ^ I n<0-U^ 
Ga-Ctt&LfcCu (In, Ga) Se^, Z.frh<D 
s e ro-ge* s -en* Lfc*i#»^« w t *° 
US 1 <7?m®« 1 1 k<MMM«MWI 12b «K12) 

•To £*T. <fc-ft*JBBi: 1^5 ) 

^y:/^>-tVlbti£7cfiiirofc^;o>b&3 

[0020 ]~^fio¥TEl-T"T^ ) o fc, KM l 11 

2 h7^^l:B!itt8i 2 a SrJfcjfcU 

S).«12all*l2ai:J:otIl 0«ttK 1 1 
1 l atcPgrt-SJ: 

[0 0 2 1 ] JB3<OXS^*JV^rf4, WK1 2 

ttSTSSfli roMi i co^ffi<o-as$rK;*i-5o - 

5%, B8***va*IB»»©«* •*> o. 0 3 

M m~0. 2/im«)«Sllrt-C*)5rtiS»*LV\ * 
36, g 1 OtHI 1 1 «5*iBtt»<0»*tt, 
-SBCii^* (Jf.l.2 aO^^) tlHSlWToTtl^ 

[0 0 2 2] » 1 2 a tt, ig«B8«row— ^tr-Afeffl 
v , fc y-^ ^^^^f-jfeS*. K4r ft Wife* 

X*fc JB v x fc *~ J: o "OWC 

2 4 0 nm~ 1 1 0 0 n mC0ft6Hl*lX-fe5 U— fr'f— 

^+*>K-7^ 
^•^-iKy (Diamond Like Carbo 

[002 3] t©f, 01 (d) i 5 »Sl 

«0tl lit-, S2ro«l 3tr»rfrt-8 

S) . JS2 0WSBU 3»4, »1 2a«)»»l:l>»** 

*v r oSIl 2 a ©ffls^SrilC-C^ l comH^l 1 k& 

#ife-C»4. 3Bi<o«ffi«i i rofcffifcflJriteHfcft:'** 

i i kfS2co&mmi 3 1 <D&m&tt.z&&'z2 z>o % 

(2, I T O (Indium Tin Oxide) tfc 
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[0 0 2 4] -£co^ Ell (e) 
ttffiKl 3 O— $B<£r^ tfc4^> 
Til3aft»«U :Hiaotl2ro«l 3 
<* 5 • « 1 3 a J4?g 1 2 a 

JSJgll 3C-»ittfc. til 2CD-gBt>* h?^^ 

ro^2<7?m®)«i 3f4, »«i-**»m»=-=y H** 
i 4^1 c«Hli i ittS^fc-!). r^ici-o 

[0 0 2 5] aTC> J[5 3©ISfc*S^TIS*a<Jt5JB 
i<o*ffi]Kl JgioWBKi 1 i^2©f 

«JK1 3to*ftfe»«:i:«>B8fffcov^T. 1 1 ^IS^<01^ 
[0 0 2 6] 1f^/V<73tfdg;frifcK:o^-C, S]3 $r#^ 
U*i6SbBlWi-a. S&frttewgtS 3 o±ir, mi 

Olg»lliLtMoI3 1 (ff£:0. 8)im„ ^ 

fc, »JSSl 2 i Lt, Cu (I n, Ga) Se^iC 

dsitroasK3 2 (/Ny^^tt^ri&i-a) 

bfc, Cu (In. Ga) S e 2M(4^*S^4 o TJg 
jfcLfc. Sfc, Cd SW*fc*SWrffltfefc±o-C#rtL 
fco jfil^3 2<DJ?:$t4, 1. 8nmtU. 
5«JiJBI3 2KU— If tr— A 4 r £lw<fcoT, a 

/UK 3 2©- g|5fcMolB£3 lOSEffl!©- ftir&fcfcfc 

Mol 3 1 <o 5 * tbfcgB^ro^ s b *s*<t a 1 o 

V f)g3 2 W^i*Utt^H) lSffl (3ft) f^S 
b/c 0 ' "" 

[0 0 2 7] m<bWl 1«B (3 3ft) 
o^t. I2©«1 3tUTITOJK33 (J¥^ : 
, ^o. 3 M m) tr*'<y* V v^tt"C»J«Ufc. tb 
T, Mo)K3 1 ±.*5£Tf I TOK3 3iC, 
^b^5H-«ffl«omiS3 4Sr^Ufc. 5fwL 
T 1 lttffi (3 3ft) fflty^w^^Mufc, 

[0028] #ibHfc-^v^ncov>T, #aa-i»- 

ff|? Lfc„ $fc, y^vco^t, Moi3iro5 
[0 0 2 9] 

so [ m 1 ] 
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f£tt##L*[a-cm 2 ] 
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io 


0. 01 
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30 


O. 006 
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0. 005 
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80 


O. 0038 
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10O 


O. 0030 
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130 


0. 0022 
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170 


0. 0017 
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200 


0. 0012 
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250 


0. 001 1 


10 


30O 


0. 001 1 


11 




0. 013 
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*L«$b^3onm (o. 0 3^) ?rii5fofc r*»w»a««»afc«^*«©*«»tt ,!: *«'*"* 

$bdS200nm (0. 2 ^ m) &Si5 fcfc 9 [0 0 3 4] 

W«WCH:li^i?Wt#4^fc. Mo C«9J©3b*l 6LhttWU*;J:5K, 

gJ:l :Cu (In. Ga) S e^tUf Ufci*. H » fc-ttttf. «M4*s«^*«S*il**m«lSr«3S-C# 
troSitMSMMo S.e2i«S*li» 3 0nm 
~2 0 0 nmf;:i^*>*vt<^5„ -tcofcfc, 2 0 0 nm 

[0031] l& i com®g£ 1 1 t IB 2 1 

So EI41::, jRl 0«ffiJRl 1 tf2Wgill 3 ico 

*J % E)4lwtt\ $13a 2 a tI4oT^5^ 

Sr^-T. El 4 l^i-J: 5 fc. ^MSEBSL t li, II com 
@flgl iti20ti)gi 3tWLW5^ro. 

[0 0 3 2] Sg2ComH®ll 3 Ov— hjg*/t& 1 00/ 

3 £ (Dlgfl&gt/t^ 0 . 0 1 Q • cra 2 tfe5i^(- 
(4. ^fttSEBS L tli30 0n mflKT-feS w £ U 
l*. «*«tt*4:0. 0 1 Q • cm2*»feO. 0 

0 1 G • cm^t««t!ffc«*l:it #*U^*tt 
SMIL t£l 0 0 Mm®§^'te;i$1 _ 5- 3. - 
©J:5fc, H l cDimilll 1 l tJB2©««l»i 3 too* 

btv^ 0 mi (owmmi 1 tjB2©««wi 3 1 

[0033] Ui±, *%^co|llEcojKffitc:oiNr^JSr^ 



5. 

[HE©*!**!**!] 

[nil ©*«s[i»«*i»«fto»a*afco 

v ^ T — #1 & StlSSr S HI T? h Z> c 
[El 2] Ell t^UfcffiiJi^ffitoV^-C— SBcoXSSr 

^i-spffiEi-efcs, 

[El 3 ] ^WroftfllfflWJH*!***^*****^ -3 

[EI4] *3BM«)«*a»fll*»«*©»SitfrS-C» 
jo ^$tuS*l ! Jll^t-<5'' N 'C-^co-a55r^-t-»fSE|-e*) 

r — m & ^-r ie»r ffi ei -c fe 3 . 

I 0 g« 

II m,\ com^M 

11a, 12a, 13a ft 
1 2 ?s£H 

1 2 b ft&*»2&mm 

40 1 3 ^2C0«Hflg 
1 4 rL- 5/ h-t/lx 

3 1 Mom 

3 2 msm 

3 3 I TOUR 
3 4 mffi 
L t KMflENI 
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